Context: Association studies in bipolar disorder have been focused on a relatively narrow pool of candidate genes based on a limited understanding of the underlying pathophysiologic features. Recent developments suggest that a broader pool of genes may be associated with this disorder.
B
IPOLAR DISORDER IS COMMON and disabling. [1] [2] [3] Although environmental factors influence disease course, 4 family and twin studies suggest it is highly heritable. 5, 6 A recent meta-analysis identified regions on chromosomes 6q and 8q with evidence of linkage to bipolar disorder, although individual linkage studies have generally yielded inconsistent results. 7 Likewise, although multiple candidate genes have been reported to be associated with bipolar disorder, these genes frequently do not show evidence of association in independent cohorts.
A primary obstacle to further candidate gene-based studies is the limited understanding of the pathophysiologic features of bipolar disorder at a cellular or molecular level, which hinders the selection of candidate genes with adequate prior probability of association. Some insight into the pathophysiologic features may come from consideration of the mechanism of action of an effective therapy for bipolar disorder such as lithium carbonate, which remains a firstline treatment. [8] [9] [10] By analogy, genes involved in the mechanism of action of hypoglycemic agents in diabetes mellitus have been shown to confer risk for that disorder. [11] [12] [13] Likewise, in major depressive disorder, the serotonergic mechanism of action of many antidepressants focused attention on the serotonin transporter gene, which was subsequently associated with risk for major depressive disorder.
14 As indirect support of this approach in bipolar disorder, lithium treatment responsiveness has been associated with greater family loading for bipolar disorder, 15, 16 although not all studies observe this effect. [17] [18] [19] Thus, genes associated with the lithium mechanism of action represent candidates for association with bipolar disorder itself.
Although lithium's mechanisms of therapeutic action are not fully understood, the enzymatic pathways with which it interacts are increasingly well studied. Lithium interacts with 2 major cell-signaling pathways. In the first pathway, lithium inhibits recycling of inositol at multiple steps, thereby altering inositol 1,4,5-triphosphate-dependent second-messenger signaling. [20] [21] [22] In the second pathway, lithium acts as a selective inhibitor of glycogen synthesis kinase 3␤ (GSK3B), [22] [23] [24] [25] influencing several downstream pathways including activation of the Wntsignaling pathway. [26] [27] [28] [29] [30] Perhaps most compellingly, mice that are haploinsufficient for GSK3B display behaviors similar to those of mice receiving long-term treatment with lithium. 29 The GSK3B pathway has also been postulated to contribute to the observed neuroprotective effects of lithium. 31 The 2 hypotheses are not mutually exclusive; for example, both pathways appear to converge on the serine/ threonine kinase Akt-1 region. 22 Genes in either of these 2 signaling pathways are therefore candidates for association with the risk for bipolar disorder.
Three other lines of evidence implicate additional candidate genes in bipolar disorder. First, messenger RNA expression studies or similar paradigms have identified additional genes [32] [33] [34] not belonging to 1 of the 2 pathways noted. Some of these are differentially regulated by lithium or by other traditional mood stabilizers, differentially expressed in the brains of patients with bipolar disorder (hereinafter referred to as bipolar patients), or yield proteins that are otherwise implicated in the mechanism of action of mood stabilizers. For example, genes related to oligodendrocyte differentiation or function exhibited differential expression in a postmortem study of bipolar patients, 33 whereas the traditional mood stabilizer valproate sodium appears to influencehistonedeacetylation. 34 Second,asmallnumberofgenes known to be expressed in the central nervous system lie under bipolar linkage peaks on 6q and 8q. 7 Finally, a small number of genes have been shown in multiple studies to be associated with schizophrenia, including disrupted-inschizophrenia 1 (DISC1), 35, 36 neuregulin (NRG1), [37] [38] [39] and dysbindin (DTNBP1), [40] [41] [42] [43] [44] and an overlap in liability with bipolar disorder has been suggested. 39 Several other genes have also been associated with the risk of, or the pathways implicated in, schizophrenia or affective illness. 14, 45, 46 Therefore, to identify genes associated with bipolar disorder liability, we conducted a family-based association study examining a select panel of candidate genes based on these hypotheses.
METHODS

SAMPLE DESCRIPTION
Patient samples were selected from the National Institute of Mental Health [NIMH] Genetics Collaborative Study of Bipolar Disorder waves 1 through 4, details of which have been previously reported. 47 In brief, that study ascertained subjects in the following 2 ways: (1) first-degree probands with bipolar I disorder (BPI) and at least 1 first-degree relative with BPI or schizoaffective disorder, bipolar type (SAB), and (2) 2 first-or second-degree relatives with BPI or SAB, with at least 2 additional members of the extended family with BPI, SAB, bipolar II disorder (BPII), or recurrent major depressive disorder. In either approach, subjects with 2 parents with BPI or SAB were excluded. Diagnosis was determined using the Diagnostic Interview for Genetic Studies 48 with best-estimate diagnosis assigned by 2 independent psychiatrists based on the Diagnostic Interview for Genetic Studies result, family informants, and review of medical records. 47 For the present study, we initially identified all complete affected parent-proband trios for whom DNA was available from the Rutgers University repository (http://www.nimhgenetics .org) using a broad definition that included BPI, BPII, or SAB probands; from these, BPI parent-proband trios were selected for primary analyses, based on the most current phenotypic data available to us (NIMH release 3.05 [http://www.nimhgenetics.org]).
GENE AND SINGLE-NUCLEOTIDE POLYMORPHISM SELECTION
Genes were selected from the following 3 broad categories based on a review of the literature: (1) 49 In all, 124 genes spanning 11.8 megabases were selected with this approach (eTable 1; available at http://www.archgenpsychiatry.com).
The single-nucleotide polymorphisms (SNPs) within the candidate genes were selected using a haplotype-tagging (or locus variation-tagging) approach. This approach identifies a set of nonredundant "tag" SNPs that capture common genetic variation in the designated region, allowing a more efficient screen than typing all SNPs in a region. The tagging approach has been shown to be efficient and powerful for association studies. 50 In selecting tags, priority was given to known or putative functional SNPs, including exonic SNPs or promoter-region SNPs. First, genotypic data for all SNPs in regions encompassing each gene (including 10-kilobase [kb] 5Ј and 10-kb 3Ј flanking regions) were obtained from the International HapMap Project phase Ic public database (http://www.hapmap.org/). The bioinformatics software TAMAL 51 was also used to identify putative functional SNPs in the same gene regions. The SNPs selected from the HapMap and TAMAL databases were submitted to the program Tagger 50 to identify the subset to be used for tagging; parameters included a minimum coefficient of determination (r 2 ) threshold of 0.8 and minimum minor allele frequency of 0.05. The SNPs selected using TAMAL for their functional importance were forced into the final SNP set, regardless of their tagging performance. For 2 genes previously reported to be associated with schizophrenia, NRG1 and the ionotropic/kainate glutamate receptor 2 (GRIK2), the tagging approach was not applied because the large gene size and low linkage disequilibrium would have required a prohibitive number of SNPs to be genotyped; rather, SNPs were selected on the basis of those previously showing evidence of association with schizophrenia.
Genotyping was performed using a gene expression platform (Illumina BeadArray at the Center for Genotyping and Analysis of the Broad Institute 52 ). In total, 1536 SNPs were genotyped in 1302 samples; 1 control sample from the Centre d'É tude du Polymorphisme Humain set was also included on each 96-well plate. After data cleaning (eTable 2), the final sample included 1261 autosomal SNPs genotyped in 829 individuals from 225 families and yielded 379 affected-offspring parent-proband trios. Resulting genotype success rates for these SNPs were in excess of 99%, and mean genotyping rates were greater than 99% for all individuals (minimum, 94%). For the analyzable duplicate samples, interplate concordance was greater than 99.9% and concordance with published Centre d'É tude du Polymorphisme Humain genotypes was 100% (n=1025 genotypes in total).
To determine the informativeness of the resulting SNPs for the gene panel, Tagger was rerun with the same parameters but including only the passing SNPs. Although these SNPs were identified using HapMap phase Ic data, the informativeness for the 1180 HapMap SNPs meeting quality control criteria was estimated using phase II data, released subsequent to our initial genotyping assay development (eTable 1). Of a total of 7762 HapMap phase II SNPs in the tagged genes, 77% were captured with r 2 Ն0.8, with mean r 2 =0.83. For the individual genes, 67 were captured with mean r 2 Ն0.8 and 108 with mean r 2 Ն0.5, suggesting that the tag SNPs adequately captured the common variation in these genes.
ANALYSIS
As suggested by Neale and Sham, 53 we considered the natural unit of analysis to be the single gene rather than the single SNP or haplotype. We therefore used a gene-based framework to aggregate the single SNP statistics and correct for multiple testing up to the level of the individual gene. Specifically, primary analysis screened for association among the 379 BPI trios using the set-based test implemented in the PLINK association analysis toolset (http: //pngu.mgh.harvard.edu/~purcell/plink/) for all 124 genes. 54 This test is similar to that described and shown to be highly efficient by Ott and Hoh 55 : it computes the test statistic ( 2 from the single-SNP transmission disequilibrium test in this case) for each individual SNP within a gene, then calculates the average test statistic for the best single SNP per region, for the best 2 SNPs per region, for the best 3 SNPs per region, and so forth. 54 The significance of these set statistics is then estimated by permutation, which allows a determination of genewise significance, allowing for correlation between SNPs and tests while controlling for type I error at the single-gene level. For these analyses, the significance of the SNP combinations including 1 to 5 SNPs were estimated, using 50 000 permutations. Although it would be possible to sum over all SNPs within 1 gene, rather than the best 5, this approach would tend to obscure associations if only 1 or a few SNPs show evidence of association, as we would expect. The transmission disequilibrium test is problematic as a test for association in multiplex families in the presence of linkage 56, 57 because transmissions to affected offspring are not independent. However, the determination of P values by permutation allows transmissions to multiple affected siblings to be analyzed while taking into account this relatedness.
We chose to correct for testing multiple genes for association, within the constraints of available power, by setting a more stringent permuted genewise PϽ.005 as the threshold for significance in the gene-based test. This value was selected according to examination of thresholds for 70% power to detect association in the single-SNP transmission disequilibrium test. Anticipating the need for replication of any suggestive finding, and recognizing the possibility of more than 1 truepositive association given the nature of the hypotheses under study, we elected not to choose a more stringent threshold. Tests of DISC1, NRG1, and DTNBP1, which we considered to have greater prior probability of association based on previous reports, used a less stringent threshold for statistical significance (PϽ.05) than the other genes.
For any gene with evidence of association in the genebased test, we then examined 3-marker haplotypes within the gene using a sliding-window approach for illustrative purposes. 58 For graphical illustration of SNP location within a subset of genes, the Haploview (http://www.broad.mit.edu/mpg /haploview/) 59 and Locusview 2.0 (http://www.broad.mit.edu /mpg/locusview/) packages were used.
Finally, given emerging evidence of overlap between bipolar disorder and primary psychotic disorders, we performed a follow-up analysis of only those genes with evidence of association with BPI in our primary analysis, as well as the 3 replication genes (DTNBP1, NRG1, and DISC1). For this analysis, affection status was determined by psychosis (SAB or BPI with psychotic features in the proband) rather than BPI diagnosis, yielding 294 affected trios drawn from the larger cohort.
To aid in the interpretation of results, the power for singlemarker analyses was estimated using the Genetic Power Calculator 60 for 379 trios assuming a discrete trait analyzed by means of the transmission disequilibrium test. For ␣=.005 and an additive model with a genotypic risk ratio of 1.5, power was at least 75% for minor allele frequency of 25% or greater and at least 70% for minor allele frequency of 20% or greater. For ␣=.05, as applied to the replication genes, and an additive model with a genotypic risk ratio of 1.4, power was at least 75% for a minor allele frequency of 20% or greater and at least 70% for a minor allele frequency of 15% or greater. These estimates do not consider the nonindependence of trios in multiplex families, although comparison of asymptotic and permuted P values suggested little influence of nonindependence here. True power is likely to be substantially greater because of the use of the set-based test.
RESULTS
Three genes (SIAT4A, TACR1, and GABRB2) yielded permuted P Ͻ .005 in gene-based association tests, corrected for all tests within the gene; the 5 SNPs in each gene that contribute to this association are listed in the Table (eTable 3 shows all gene-based results). Likewise, the 5 SNPs that contribute to the gene-based tests for 3 replication genes (DISC1, DTNBP1, and NRG1) are listed in the Table; only DISC1 yielded PϽ .05.
The association between BPI and SIAT4A, TACR1, GABRB2, and DISC1 was further characterized using 3-marker sliding-window haplotypes because the set-based test does not localize association within a gene (Figure) . In GABRB2, multiple haplotypes were differentially transmitted to bipolar offspring; the strongest association was observed with an overtransmitted 3-marker haplotype of rs6556547, rs967771, and rs10515828 (transmitted to untransmitted [T:NT] ratio, 203:139; 2 =11.98; P Ͻ.001). In SIAT4A, the strongest association was observed with a 3-marker haplotype of rs2075823, rs6986303, and rs9643297, which was undertransmitted (T:NT ratio, 76. 2 =6.67; P =.01) showed the greatest evidence of association. (To aid in the comparison of these results with previous studies and to facilitate future ones, the odds ratios and P values [in terms of −log (P)] from single-SNP tests are also presented in the eFigure and supplemental eTable 4). Notably, the gene-based test explicitly considers the single-SNP results (ie, single-SNP transmission disequilibrium test; see SNP 1 in the Table) and thus does not require further correction for these single-SNP tests.
Because of the reported overlap in schizophrenia and bipolar liability, 39 we performed a secondary analysis examining gene-based associations using the lifetime presence or absence of psychotic symptoms, regardless of diagnosis, as the phenotype. This analysis included 294 affected-offspring trios drawn from the larger cohort, including BPI and SAB offspring. For SIAT4A, the genebased test yielded P Ͻ 4ϫ10 
COMMENT
In this large-scale family-based association study of bipolar disorder, we identified evidence of association using a gene-based test for 3 genes from a panel of 124. One gene, SIAT4A, is in a region of chromosome 8 implicated in a meta-analysis of linkage data in bipolar disorder 7 ; a second, TACR1, was identified in an expression study of bipolar disorder 32 ; and a third, GABRB2, was previously implicated in 2 association studies of schizophrenia. 61, 62 None of the genes related to lithium signaling demonstrated evidence of association.
SIALYLTRANSFERASE 4A
Sialyltransferase 4A (Online Mendelian Inheritance in Man *607187), also referred to as ST3 ␤-galactoside ␣-2,3-sialyltransferase 1 (ST3GAL1), codes for one of a family of proteins that transfer sialic acid to glycoprotein or glycolipid carbohydrate groups. 63 It was included herein because of its location under a bipolar disorder linkage peak on 8q identified in a pooled analysis of linkage data 7 and prioritized among positional candidates because nerve cell adhesion molecules, key to cell-cell interaction in the developing brain, 64 are modified by the addition of polysialic acid by sialyltransferases. Changes in the expression of nerve cell adhesion molecule 1 have been noted in the hippocampus in postmortem studies of bipolar patients. 65 The gene coding for another glycosyltransferase, a mannosyltransferase at 11q23, was shown to be dis- rupted by a translocation break point cosegregating with bipolar disorder in one family. 66 Finally, a recent report described an association between another sialyltransferase, SIAT8B, and schizophrenia risk. 67 Sialyltransferase 4A is known to be expressed in brain and many other tissues 68 but is otherwise not well characterized. Our finding that the association is strongest among psychotic patients, particularly in the context of the SIAT8B association, suggests that SIAT4A should be studied among schizophrenia cohorts as well.
TACHYKININ RECEPTOR 1
Substance P, alternately referred to as neurokinin and tachykinin, and its primary receptor tachykinin receptor 1 (TACR1) (Online Mendelian Inheritance in Man *162323) have previously been associated with pain and more broadly with stress response, as well as motivation and reward/aversion circuits. 69 Studies in mood disorders are limited, but a neuropathology study found differences in the expression pattern of TACR1 among unipolar but not bipolar subjects. 70 Substance P antagonists are also known to have antidepressant and anxiolytic effects in animal models, 71, 72 although human studies remain inconclusive. 73 Tachykinin receptor 1 itself was initially reported to be one of a subset of genes regulated by lithium in cultured lymphoblastoid cells. 74 After an examination of messenger RNA expression data suggested the gene coding for substance P as a high-priority target in bipolar disorder, 32 a small population-based association study failed to find an association in 20 SNPs in 4 genes related to substance P with affective illness, although coverage of TACR1 itself was limited and the cohort was quite small. 75 Otherwise, to our knowledge, this gene has not been studied in mood disorder cohorts, and no studies have examined the effects of substance P in bipolar disorder itself. rs194073  rs3850733  rs252957  rs153296  rs1644454  rs2962394  rs2962393  rs1422951  rs2421923  rs10043074  rs2962421  rs10051667  rs4304105  rs7445312  rs2962406   rs823162  rs980394  rs12084975  rs4658933  rs10495308  rs2793091  rs2793085  rs2492367  rs10495310  rs11590192  rs1322783  rs1998406  rs9432010  rs2738875  rs967244  rs2759346  rs2738877  rs6672782  rs2295959  rs2759329  rs1000731  rs6667141  rs7551537  rs11122348  rs1079344  rs734551  rs3081  rs1015101  rs11122362  rs1322785  rs1407599  rs967433  rs11577215  rs10864702  rs2038636  rs2356710  rs701158  rs821581  rs9431732  rs2772122  rs12066297  rs843979  rs821615  rs821631  rs821639  rs3524  rs1160491  rs9726024  rs1411771  rs4366301  rs6541281  rs1417584  rs12045248  rs1934909   rs1002067  rs4426954  rs2066949  rs10515827  rs187269  rs252944  rs194072  rs1816072 
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Figure.
Illustration of the P values from the 3-marker sliding-window haplotype tests for association with bipolar disorder (BPI) for sialyltransferase 4A (SIAT4A) (A), tachykinin receptor 1 (TACR1) (B), ␥-aminobutyric acid A ␤2 receptor subunit (GABRB2) (C), and disrupted-in-schizophrenia 1 (DISC1) (D). Part A also illustrates the sliding-window haplotype test results for association with the psychosis phenotype for SIAT4A. chr Indicates chromosome; Mb, megabase; and SNP, single-nucleotide polymorphism.
in a region of chromosome 5q identified in a previous metaanalysis 76 of linkage data in schizophrenia; linkage has also been reported in studies of families of Portuguese descent 77 and those of Colombian and Costa Rican descent. 78 One study 62 reported the association of GABRB2 with schizophrenia in a cohort of Chinese patients with schizophrenia, and a subsequent family-based study 61 identified a single overtransmitted SNP (rs168697) in GABRB2 in 2 independent cohorts, 1 of Portuguese and 1 of German descent. Our result does not directly replicate either of the schizophrenia findings. Of the SNPs associated in the Chinese cohort 62 (rs1816071, rs194072, rs252944, and rs187269), none was associated in the present study. For rs194072 and rs252944, the T:NT ratio was 101:97 (PϾ.5); for rs187269, 154:158 (PϾ.5). Although rs1816071 was not directly genotyped, a 2-marker haplotype (rs1644454 and rs187269) served as a proxy with r 2 Ͼ0.6; again, no significant evidence of association (for all comparisons, PϾ.5) was identified. The single SNP associated in the Portuguese and German cohorts 61 wasnotsuccessfullygenotypedinourstudy,norcould a tagging SNP be identified in HapMap.
Although abnormalities in GABAergic neurotransmission have been best described in schizophrenia, [79] [80] [81] [82] [83] [84] [85] differences have also been reported in affective illness. Changes in the expression of multiple GABA receptor subunits were noted in a cohort of individuals with major depressive disorder, 86 particularly in suicides; similar changes were noted in another postmortem study. 87 Increased immunolabeling of GABA A ␤2/3 subunits was increased in bipolar patients compared with control subjects. 88 Finally, another BPI postmortem study found a change in the GABA A receptor subunit composition in the hippocampus, with an increase in the GABA ␣5 receptor subunit compared with controls. 89 Pharmacotherapies with known efficacy in bipolar disorder appear to influence GABAergic neuron development or GABAergic neurotransmission. Antipsychotics that antagonize the dopamine D 2 receptor lead to upregulation of glutamic acid decarboxylase 67, the ratelimiting step in GABA synthesis. 90 Valproic acid stimulates GABAergic neurogenesis in rat forebrain. 91 In rat hippocampus, lithium treatment appears to enhance the firing of GABAergic interneurons. 92 In bipolar patients, lithium (although not valproate) treatment was associated with decreases in a measure of glutamate and GABA levels on magnetic resonance spectroscopy; elevated levels of this measure had been observed in bipolar patients not receiving medication. 93 Finally, 2 sets of clinical observations in bipolar disorder implicate GABAergic neurotransmission. First, drugs such as benzodiazepines that act primarily on the GABA receptor are widely used adjunctively in mania, and a recent meta-analysis 94 suggests efficacy for at least 1 of them. Second, studies of bipolar patients indicate extremely high rates of anxiety comorbidity. 95 Confining our analysis to individuals with psychotic disorders yielded minimal change in the evidence of association for GABRB2. This suggests that reports of association in schizophrenia and bipolar disorder may not simply indicate that this gene is a psychosis risk gene per se.
GENES WITH PRIOR REPLICATED EVIDENCE OF ASSOCIATION WITH SCHIZOPHRENIA
The DISC region on 1q42.1 was first identified in a Scottish family in which a chromosome break point translocation segregated with mood and psychotic disorders. 96 Multiple positive linkage studies in schizophrenia or schizoaffective disorder [97] [98] [99] [100] and bipolar disorder [101] [102] [103] followed. The SNPs in the DISC1 region have since been associated with such disorders, and particularly psychosis, in multiple cohorts. 35, 36, 97, 98, 104 Unfortunately, the extent to which the haplotypes examined in these studies overlap has not been fully defined 35 (J.Fan, unpublished data, May 23, 2007). As has been noted, studies reported as replication often assess different markers or report different risk haplotypes. 105 Although we did not assess all SNPs included in previous DISC1 publications, of the 37 SNPs showing prior evidence of association across published studies, 20 were directly genotyped or have proxies with r 2 Ն0.8 in our cohort. Only 1 SNP, rs1015101 (associated with schizoaffective disorder in the work of Hodgkinson and colleagues 36 ) was nominally associated in our cohort, with P=.04. This SNP also tags 1 SNP of a 4-marker haplotype (block 4; rs9432024-rs999710-rs11122359-rs821723) associated with bipolar disorder but not schizophrenia in the same study. 36 Two of the other SNPs in this 4-marker block are tagged with r 2 Ն0.8 and show no evidence of association, while a third is not well-captured with our SNPs. Two additional SNPs in our sample that appear to lie within or adjacent to this block, rs11577215 and rs10864702, also show modest evidence of association (nominal P=.01 and P=.02, respectively). Thus, although our results cannot be construed as replicating the earlier finding, they are at least consistent with it. Our coverage of other haplotypes associated with bipolar disorder was less complete, but there was no evidence of an association with single SNPs in these regions. Among the SNPs in the region 2 and 3 blocks of Thomson and colleagues, 35 for example, none was associated with PϽ.1 in our study.
In disorders such as diabetes mellitus, targets of drugs known to be effective as treatments have proved to be risk genes for the disorder itself. 106 Notably, then, none of the genes associated with lithium signaling showed significant evidence of association, despite extensive support for the efficacy of lithium in the treatment of bipolar disorder 8 suggestive evidence that lithium responsiveness may be associated with familial bipolar disorder [107] [108] [109] and isolated positive studies of lithium-related candidate genes. 110 This may simply indicate that the primary genes involved in lithium's mechanism of action are not those that contribute to liability for bipolar disorder (ie, are dysregulated or dysfunctional in bipolar disorder); instead, lithium may act upstream or downstream of these genes. Alternatively, although our pathway-based approach was as comprehensive as possible based on review of the literature in 2006, other known or unknown genes in these pathways that were not investigated may contribute risk; for example, understanding of GSK3B signaling continues to evolve rapidly. 111 Indeed, a very recent report described association between SNPs in diacylglycerol kinase-eta (DGKH) and bipolar disorder. 112 The diacylglycerol kinases play a role in phosphatidylinositol signaling but were not included in the present study because of space constraints. We identified no evidence of association for upstream or downstream genes in that pathway. Finally, although the SNP tagging approach was generally informative for most genes, we cannot exclude the possibility that rarer variation in these genes, or SNPs that were not adequately tagged, are those that confer bipolar risk.
We were unable to detect any significant evidence of association for 2 other genes implicated first in schizophrenia and later as bipolar candidates, NRG1 35, 39, 113 and DTNBP1, 114 in the gene-based test. In DTNBP1, we directly genotyped or captured by tagging (r 2 =1) 8 of the 11 SNPs with evidence of association in schizophrenia, including all ofthehaplotype-taggingSNPsidentifiedbyMutsuddietal. 105 In this our results are consistent with negative results from other groups. 105, 115 We also did not detect an association with the set-based test for other genes previously implicated in bipolar disorder, including brain-derived neurotrophic factor (BDNF), the dopamine transporter (SLC6A3), and the serotonin transporter (SLC6A4). [116] [117] [118] [119] [120] [121] Wenote2primarylimitationsinthisstudy.First,although it represents one of the larger reported cohorts of bipolar patients, the power to detect moderate effects is still only fair; thus, the possibility of type II error must be considered. Second, all of the reported associations will require replication because, even where the genes implicated overlap with previous reports, the specific SNPs or haplotypes conferring risk apparently do not. Nonetheless, if replicated, these genes may represent novel targets for the development of treatments and diagnostic tools in bipolar disorder. 
